Several studies have examined how the ISO 9001 Quality Management System standard predicts changes in organizational outcomes such as profits. This is the first large-scale study to explore how employee outcomes such as employment, earnings, and health and safety change when employers adopt ISO 9001. We analyzed a matched sample of nearly 1,000 companies in California. ISO 9001 adopters subsequently had far lower organizational death rates than a matched control group of non-adopters. Among surviving employers, ISO adopters had higher growth rates for sales, employment, payroll, and average annual earnings. Injury rates declined slightly for ISO 9001 adopters, although total injury costs did not. These results have implications for organizational theory, managers, and public policy.
Introduction
Nearly 900,000 organizations in 170 countries have adopted the ISO 9001 Quality Management System standard. 1 This is a remarkable figure given the lack of rigorous evidence regarding the standard's effect on organizational practices and performance. Implementing a quality management system that conforms to ISO 9001 entails documenting operating procedures, training, internal auditing, and corrective action procedures. It also requires that procedures to improve existing procedures be implemented.
Proponents claim that quality programs such as ISO 9001 improve both management practices and production processes, and that these improvements translate into increased sales and employment (unless productivity gains outweigh sales increases). The latter benefits are magnified if customers interpret the adoption of ISO 9001 or other quality programs as a signal of high quality products or services. To the extent that greater employee skill and training are required to develop and implement procedures to improve procedures, the theory of human capital suggests that employees' earnings should rise as well.
Finally, ISO 9001 can improve worker safety through the identification and elimination of potentially hazardous practices, development of a formal corrective action process, and institutionalization of routine audits and management reviews. Some critics suggest that such formalization and documentation of work practices can negatively affect employees, such as by reducing skill requirements or increasing cumulative trauma disorders (e.g., Brenner, Fairris, and Ruser 2004) . This paper reports the first large-scale empirical evaluation of how workers' outcomes change with employers' adoption of ISO 9001, focusing in particular on employment, total payroll, average annual earnings, and workplace health and safety. We also examine outcomes of importance to company managers and owners such as whether ISO 9001 is associated with subsequent sales growth and longerterm company survival. Focusing on California-based single-plant firms across an array of industries, we compared ISO 9001 adopters to comparison groups of non-adopters matched on industry, location, size (baseline sales, employment, and total payroll), and pre-adoption injury rates. A difference-in-differences approach was employed to accommodate common shocks that affect each industry. Company characteristics that vary over time, such as size and changes in occupational mix, were controlled for when appropriate.
We find ISO adopters have higher rates of corporate survival, sales and employment growth, and wage increases than the matched groups of non-adopters. We further find adopters to be more likely than non-adopters to report no injuries (as measured by workers' compensation claims) in the years following adoption, but find no evidence that average injury costs improve or worsen subsequent to adoption.
Literature
In this section, we review the literature that has examined changes in outcomes consequent to the adoption of ISO 9001. We consider first studied focusing on outcomes of particular interest to owners and managers, such as profitability. We then review the considerably smaller literature that examines outcomes of particular interest to employees, such as employment and injury rates.
Organizational outcomes
Among the most rigorous empirical studies that examine how implementation of the ISO 9001 quality management standard affects employers' outcomes and practices, most were conducted among U.S. manufacturers. 2 Terlaak and King (2006) find that plants that adopt ISO 9001 typically increase their rate of production growth. Others find ISO 9001 certification to be associated with subsequent abnormal returns along a host of financial metrics including stock prices (Corbett, Luca, and Pan 2003; Sharma 2005) . Various studies find benefits strongest among small firms (Docking and Dowen 1999; McGuire and Dilts 2008) and among those with a modest level of technological diversity, and/or early adopters (Benner and Veloso 2008) . King and Lenox's (2001) finding that adopting ISO 9001 leads plants to reduce waste generation and toxic chemical emissions suggests that implementing the quality management standard has positive spillover effects that can improve environmental management practices. Naveh and Erez (2006) deduce from survey data that ISO 9001 adoption enhances worker productivity and workers' attention to detail, but impedes worker innovation. Interestingly, we found no prior research that examines how the ISO 9001 quality standard affects product or process quality or employees. Similarly, albeit outside the realm of ISO 9001, a number of event studies find that financial performance, as measured by stock price and operating income, improves after firms win a quality award or implement Total Quality Management programs (Easton and Jarrell 1998; Hendricks and Singhal 1996 , 2001a , 2001b . 3 Several studies have found ISO 9001 adopters' financial performance to be superior to that of peers prior to, but not after, registration (see Heras, Gavin, and Dick 2002 These studies are consistent with a positive selection effect, but do not suggest any causal benefits associated with ISO registration. We return to the distinction between correlation and causality in the subsequent analyses.
Employee outcomes
We found almost no prior research that examines how the ISO 9001 quality management standard affects key outcomes of interest to employees, such as employment and earnings. 4 Among the few studies that have examined how other quality programs affect occupational health and safety is Adler, Goldoftas, and Levine's (1997) case study of a General Motors automobile plant. They found that the plant's suspension of job rotation subsequent to the adoption and implementation of the Toyota Production System's quality principles precipitated a dramatic rise in cumulative trauma disorders (CTDs), leading the authors to conclude that Toyota Production System principles such as short cycle times, standardized work methods, and minimizing worker idle time increase the risk of CTDs. These findings are consistent with those of Wokutch's (1992) study of Japanese auto transplants in the United States. In contrast, Adler et al. (1997) found other Toyota Production System principles, such as employee focus on continuous improvement, to help reduce injury rates, provided employees were empowered to focus on safety and health issues.
A few larger-scale studies have examined the relationship between quality management practices and 3 See Wayhan and Balderson (2007) for a comprehensive review of studies that examine how implementing Total Quality Management affects financial performance. 4 In a suggestive small study (45 ISO adopters), O'Connor (2005) found that Oregon employers with ISO certification increased employment more rapidly than peers in their industry. The analysis neither controlled for employer size nor tested for statistical significance. worker injuries. Lean production practices such as faster work pace and reduced cycle time have been found to be positively associated with worker stress (Conti et al. 2006 ) and quality circles and job rotation with CTDs (Brenner et al. 2004) . But their reliance on data collected simultaneously for workplace practices and illness/injury rates precludes these studies from distinguishing selection from causal effects. 5 Naveh and Marcus's (2007) analysis of the road safety experience in the trucking industry found that, compared to peer firms, 40 adopters of ISO 9002 reduced more quickly their accident rates after certification. Presumably due to the modest sample size, the results are not consistently statistically significant.
This paper reports the results of the first large-scale study to examine changes in employee outcomes after their employer adopts ISO 9001, including wages and frequency and magnitude of worker injuries.
We also examine changes in organizational outcomes such as sales, employment, and company survival.
Analyzing a plant-level panel dataset that includes an array of worker outcomes avoids the small sample sizes and/or lack of longitudinal data that have plagued previous studies. Because ISO 9001 is typically adopted at the plant-level whereas outcome data is typically available only at the firm level, we focus on single-plant firms. Our data and methods enable us to clearly distinguish the effects of selection on observables from post-adoption divergences in trends. Moreover, whereas prior studies of safety and health have relied largely on self-reported survey data, we measure injury rate and cost of injuries using workers' compensation data. This approach reduces both random measurement error and potential bias arising from ex post rationalization by managers who both initiate a quality program and report its outcomes. 5 For example, Brenner, Fairris, and Ruser (2004) interpret the positive association of unions with cumulative trauma disorders as selection effects of unionization, the positive association of job rotation with cumulative trauma disorders as reverse causality (whereby high rates of repetitive motion injuries lead plants to introduce job rotation), and the positive association of quality circles and just-in-time production with cumulative trauma disorders as causal effects of the work practices. Fairris and Brenner (2001) , using panel data to address causality, found CTD rates in their industry to decline after plants adopted self-directed work teams or Total Quality Management, but average industry CTD rates to increase after plants implemented quality circles or job rotation. But because these workplace practices could be linked only to industry-level (3-digit SIC codes) CTD rates, it is difficult to interpret these results.
Theory and Hypotheses
Companies that implement a quality management system that conforms to ISO 9001 typically improve the documentation of operating procedures, training, and procedures for corrective action. A plant seeking ISO 9001 certification must hire an accredited third-party auditor to attest that (1) written procedures exist for all significant operations, (2) training, monitoring, and other procedures are in place to ensure that written procedures are followed, and (3) procedures for continuously improving other procedures have been implemented. The latter requirement has implications for employees' training, incentives, and scope of decision-making. The cost of implementing ISO 9001, including developing procedures, documentation, and training and hiring a third-party auditor, range from $97,000 to $560,000 (in 2008 dollars), depending on the size and complexity of the operation (Docking and Dowen 1999) . 6
ISO 9001 and changes in plant scale
For products and services for which it is difficult to distinguish higher from lower quality, there is little incentive either for customers to pay a premium for, or for companies to invest in, higher quality (Spence 1973) . Firms can benefit from ISO 9001 certification in such circumstances. In particular, if ISO 9001 certification is more often profitable for higher quality firms, ISO 9001 can signal to buyers that adopters likely possess high quality (Spence 1973; Terlaak and King 2006) . If certification serves to credibly differentiate higher quality products and services, certified firms should see an increase in demand, which would also result in increased unit sales and total revenues. ISO 9001 certification can also increase customers' willingness to pay for quality, which creates an incentive for managers to invest in improving product or service quality. If certification teaches managers to cost-effectively improve quality along dimensions customer perceive and value, such firms should also see an increase in unit sales and total revenues. ISO 9001 adoption can also help managers learn how to reduce costs. Under standard economic assumptions, a profit-maximizing firm sets price as a mark-up over marginal cost. To the extent that adoption helps them to learn how to lower their marginal costs, certified firms should reduce their prices.
Holding all else constant, these lower prices should translate into increased unit sales and revenue.
Whether high-quality firms are more likely to adopt ISO 9001, or the standard improves adopters' quality or costs, both scenarios give rise to the same prediction: ISO 9001 certification will increase sales.
Indeed, many industrial buyers use ISO 9001 certification in their screening criteria for potential suppliers, believing that it "almost guarantees that [their] products will consistently meet their design specifications" (Ferguson 1996: 309) . These scenarios indicate that such revenue increases will be accompanied by constant or declining operating costs (thereby increasing profits), which implies that ISO 9001 certification should be associated with greater probability of firm survival.
HYPOTHESIS 1a: ISO 9001 certification leads to higher rates of firm survival.
HYPOTHESIS 1b: ISO 9001 certification leads to higher sales. 7
If the hypothesized increase in revenues is due to increased unit sales (not solely increased prices) and the demand for additional units cannot be accommodated by existing worker capacity, we also have: HYPOTHESIS 2a: ISO 9001 certification leads to higher employment, but by less than sales increases.
If, as suggested by survey data, ISO 9001 can also enhance worker productivity (Naveh and Erez 2006) , employment growth will be proportionately less than sales growth, leading to: 8 HYPOTHESIS 2b: ISO 9001 certification leads to higher labor productivity.
ISO 9001 and wages
The effect of ISO 9001 adoption on wages can be positive or negative. 9 Helper, Levine, and Bendoly (2002) found that attempts to foster employee involvement led to higher wages meant to compensate the 7 Hypothesis 1b might not hold if a firm increased its quality (or quality certification) to target a market segment that focused on high quality and that had very price-inelastic demand. In such a case, mark-up, prices, and profit per unit all rise. If the high-quality niche is both very profitable per unit and small, then unit sales might decline even as profits rise. If unit sales fall enough (by a higher proportion than the mark-up rises), sales revenue can decline, even though the higher total profits increases firm survival. (We thank an anonymous referee for pointing out this possibility.) 8 If the productivity gain is greater than the increase in unit sales, employment can decline, a case we do not consider further. 9 These hypotheses are elaborated in Helper et al. (2002) . incremental effort expended to achieve the requisite higher skill levels. Employees of ISO 9001 adopters are often expected to perform discretionary tasks such as documenting new procedures and contributing quality improvement ideas. ISO 9001 adopting plants must develop and deploy quality-related training to ensure that employees properly implement new procedures and acquire the skills needed to conduct internal audits and root-cause analyses and continuously improve other procedures. Reliance on greater employee discretionary efforts and enhanced skills (as in theories of human capital) can lead firms to pay higher wages (to induce greater effort, as in efficiency wage theories [Levine 1992]) or increase employees' bargaining power (Lindbeck and Snower 1986) . If greater human capital, efficiency wages, and/or bargaining power are important, we have:
HYPOTHESIS 3: ISO 9001 certification leads to higher wages.
Rigorous adherence to written procedures, on the other hand, implies a fairly routinized workplace, and routinization is often associated with reductions in frontline workers' skills, discretion, and bargaining power. (A plant encountered in the course of our field research, for example, was implementing ISO 9001 with the express purpose of documenting workers' tacit knowledge and procedures so that the plant could be replicated overseas using lower cost labor.) When this condition prevails, we have: HYPOTHESIS 3′: ISO 9001 certification leads to lower wages.
ISO 9001 and occupational health and safety
Adopting ISO 9001 might lead to improvements in occupational health and safety in a variety of ways. In the process of formally documenting procedures, for example, managers can identify and eliminate hazardous practices and add safety precautions. Moreover, by fostering more focused attention to detail (Naveh and Erez 2006) , ISO 9001 adoption can reveal new "win-win" opportunities to improve quality or efficiency and occupational health and safety that were previously obscured by indirect and distributed costs and benefits (King and Lenox 2001) . Additionally, processes that provide warning signals and prompt corrective action can forestall serious accidents (Marcus and Nichols 1999) . Finally, routine auditing and corrective action procedures required by ISO 9001 to address management system failures encourage root-cause analysis that can identify problematic work practices that might otherwise precipitate not only quality failures, but occupational health and safety concerns.
Departments charged with managing quality sometimes also manage health and safety, and companies are increasingly implementing integrated management systems that incorporate all these considerations (Toffel 2000; Barbeau et al. 2004) . Occupational health and safety can be improved by applying the tools of continuous improvement associated with ISO 9001 certification. Employees who know how to identify root causes of quality problems, for example, also have the skills to identify root causes of safety problems. Exploiting these opportunities yields:
HYPOTHESIS 4: Adopting ISO 9001 reduces the number and cost of occupational injuries.
The high rates of repetition and increased monitoring implicit in the emphasis of ISO 9001 on routinization and standardization of tasks can increase stress and repetitive motion injuries, potentially worsening the safety records of plants with quality programs (as argued by Brenner et al. 2004) .
Moreover, to the extent that the higher equipment utilization associated with ISO 9001 adoption (Koc 2007; Huarng, Horng, and Chen 1999) translates into reduced employee downtime, employee fatigue, a major cause of injuries, might be expected to increase (Williamson and Boufous 2007) . Additionally, new quality management procedures implemented in association with ISO 9001 that add inspection tasks to work processes optimized for production can occasion poor ergonomic conditions that leave employees susceptible to injuries (Landau and Peters 2006) . These considerations give rise to: HYPOTHESIS 4′: Adopting ISO 9001 increases the number and cost of occupational injuries.
Data

Sample
Because the typical scope of ISO 9001 certification is a single plant, but injury data from workers' compensation systems are available primarily at the company level, we facilitate the linking of ISO (1,418) of our single-plant ISO 9001 adopters, similar to the proportion of California firms from which WCIRB gathers workers' compensation data (i.e., firms that obtain workers' compensation insurance rather than self-insure).
Linking the WCIRB provided names and addresses of the 116,389 non-adopting firms that shared the same region-industry combinations as the adopters to Dun & Bradstreet data confirmed that 20,777 of these non-adopters were single-plant firms.
We obtained from the National Establishment Time-Series (NETS) database, a compendium of Dun & Bradstreet data, annual employment and sales data for most of the ISO adopters and potential matches, 1,079 adopters and 18,480 non-adopters, for 1993-2005. Eliminating firms with missing values and outliers (as detailed in the following section) reduced the final sample used for our selection analysis to 916 adopters and 17,849 non-adopters. Sample characteristics are provided in Table 1 . As described below, we identified subsets of these firms to create matched samples for analyzing the effects of ISO certification.
Measures
Injury rate is the number of injuries reported annually for which workers' compensation was claimed according to WCIRB data. Our models employ the log of one plus the injury rate. We also obtained from WCIRB data each company's total annual workers' compensation injury costs and annual total payroll 10 (both in dollars). To reduce the effect of outliers, we took the log of injury costs after adding $1,000. Also obtained from WCIRB data were each company's location in one of 15 industries and eight California regions (see Table 1 ).
For each firm-year, we calculated average occupation riskiness as a weighted average of workers' compensation Pure Premium Rates across a firm's employment in 500 occupation codes. 11 The intuition behind this measure is that for an employer that has, in a given year, a workforce in occupations for which workers' compensation costs are, on average, twice state-wide workers' compensation costs, average occupational riskiness for the firm-year would be twice the state average. For each year, we calculated each firm's average wage as its annual total payroll (from WCIRB) divided by its employment (from Dun & Bradstreet).
We then cleaned the dataset as follows. Sales of zero were recoded to missing and firm-years with less than $5,000 in payroll were omitted. To avoid our analysis being confounded by rapidly growing or shrinking firms, we included only observations for which a firm's payroll (and employment) in a given
year was between half and twice the previous year (when the previous year's data were available). We also sought to exclude firms that operated only part of the year by omitting firm-years for which the average wage was below $7,020 (what a half-time worker would earn at California's 2002 minimum wage). To reduce the effect of outliers, we analyzed the log of payroll, average occupational riskiness, employment, average wage, and sales after adding a small amount to accommodate zeros and other small values.
Summary statistics are provided in Table 2 . 11 Pure Premium Rates are established by WCIRB based on historical workers' compensation costs for each occupation.
We calculated a firm f's average occupational hazardousness in a given year t as:
where Pure Premium Rate c is the 2007 workers' compensation Pure Premium Rate per $100 of payroll for occupation class code c and payroll is the measure of total payroll defined as in the previous footnote.
Analysis and Results
Selection model
The main goal of this paper is to identify causal effects of ISO 9001 adoption for employees and employers. ISO 9001 adoption could correlate with, but not cause, outcomes if a factor such as good management led to both ISO adoption and positive outcomes. If this form of self-selection is important, we anticipate ISO adopters to have had good outcomes prior to ISO adoption as well as afterwards. To understand the self-selection process, we estimate the selection model:
where F(.) is the probit function, Y it-1&-2 is the average of 1-and 2-year lagged levels of injury rates and costs, payroll, employment, wages, sales, and average occupational riskiness, 12 year t is a complete set of year dummies, industry i is a set of 15 industry dummies, and region j is a set of eight California region dummies. Because we are interested in the determinants of adoption, we drop adopters from the sample after the year of adoption. To account for heteroscedasticity and non-independence among each firm's observations across years, we report robust standard errors clustered by firm.
Results of selection analysis
The main result on selection is that ISO 9001 is adopted more often by larger firms. Median sales and payroll of adopting firms are $3.48 million and $1.04 million, whereas these figures are $0.78 million and $0.16 million, respectively, for non-adopters. We examine this issue more carefully with the adoption probit regression, which reveals larger firms (in terms of sales and total payroll) adopted ISO 9001 at a higher rate than other firms in their industry, year, and region (see Table 3 ). If, for example, one employer has one log point (roughly one standard deviation) higher sales and payroll than average, the sum of the marginal effects predicts a 0.06 percentage point above-average probability of ISO 9001 adoption per year, most of the effect attributable to higher payroll. This increase equals roughly 11% of the sample mean, which is 5.4 out of a thousand firms adopting each year. Because adoption entails fixed costs-12 When only one of the two lagged values was available, we used that single value.
including learning about the standard's requirements and developing policies, procedures, and training programs-it is not surprising that larger firms are more likely to make the investment in ISO 9001 certification.
The sales coefficient is statistically significant and economically meaningful after controlling for both payroll and employment. Thus, ISO adopters had above-average labor productivity prior to adopting ISO 9001. Note that the marginal effect of payroll (0.00046, p < 0.01) is higher than the marginal effect of employment (0.00009, n.s.), which suggests that ISO 9001 adopters paid above-average annual wages prior to ISO adoption (or that WCIRB data on payroll is more precisely measured than D&B data on employment). If higher wages correlate with higher skills, and higher skills with higher quality, this result suggests that ISO adopters might already have been delivering above-average quality prior to ISO adoption (relativee to their industry and region).
ISO 9001 adopters also had slightly lower workers' compensation injury costs, so that one log point lower injury costs (a bit less than one standard deviation) predicts 0.005% higher adoption of ISO 9001 in the next year (p < 0.05). Our statistically insignificant coefficient on injury rates and its tiny marginal effect provide no evidence that annual number of injuries prior to adoption differed between adopters and non-adopters.
Differences in trends following ISO 9001 certification
We conduct a difference-in-differences analysis to compare the changes in payroll, employment, wages, sales, average occupational riskiness, and injury rates and costs among ISO-certified firms to those of non-adopters. This approach permits each firm to have its own baseline level of each outcome.
To ensure a valid comparison, we developed a matched control group of non-adopters.
Developing matched samples
Matching is widely used to construct a quasi-control group based on similar characteristics to those of the treatment group (Heckman, Ichimura, and Todd 1998) . Intuitively, we want to compare companies that adopt ISO 9001 to industry peers with similar pre-adoption sales, employment, payroll, injury rates, and other observable factors.
Matching on the propensity score, the probability of receiving the treatment conditional on covariates, is as valid as matching on a series of individual covariates (Rosenbaum and Rubin 1983) . The identifying assumption, that the assignment to the treatment group is associated only with observable "pre-period" variables and all remaining variation across the groups is random, is often referred to as the "ignorable treatment assignment" or "selection on observables." Used to evaluate job training programs, propensity score matching methods have performed well in replicating the results of randomized experiments under three conditions: (1) the same data sources are used for participants and non-participants; (2) an extensive set of covariates is employed in the programparticipation model used to estimate propensity scores; and (3) participants are matched with nonparticipants in the same local labor market (Smith and Todd 2005) . Conversely, substantial bias can result if: (4) controls are included for which propensity scores are off the support of the participants' propensity scores (that is, some of the controls differ substantially from any of the treatments); (5) the distributions of participants' and non-participants' propensity scores differ; or (6) unobservable factors influence both participation and outcomes (Heckman, Ichimura, and Todd 1997) .
We address these six potential sources of bias as follows. First, we use identical data sources for all facilities (adopters and non-adopters). Second, we include an extensive set of adoption covariates. Third, we ensure that adopters and non-adopters operate within the same markets by including industry and region as matching criteria. We address the fourth and fifth concerns by implementing nearest neighbor matching with a "caliper" restriction to preclude matching when the propensity scores differ by more than a fixed threshold (as explained below).
The sixth concern addresses selection on unobservables. For example, in the context of ISO 9001, it is possible that managers in facilities with a "safety culture" (not observed in our data) might be more likely both to insist on strong safety performance and to adopt ISO 9001. We address this concern in two ways.
First, we control for such unobserved factors that are stable over time by including a fixed effect for each employer. Second, if there were important unobservable factors that affected company success and that differed between ISO adopters and our comparison firms, we would expect the pre-adoption trends in sales, employment, earnings, and injury rates and costs to differ between treatments and comparisons. In fact, after we matched on the level of sales, employment, and so forth, we found our comparison firms had similar pre-adoption trends as our treatments. This result is not conclusive, but provides some assurance that we are doing a good job controlling for unobservable factors as well.
Propensity score matching to develop a matched control group on which to estimate treatment effects with a difference-in-differences specification (as explained below) using panel data is a robust technique used in other recent program evaluations (e.g., Blundell et al. 2004; Galiani, Gertler, and Schargrodsky 2005; Greenaway, Gullstrand, and Kneller 2005; Huttunen 2007; Qian 2007; Villalonga 2004) . We implemented propensity score matching in three steps. We first generated propensity scores by estimating a probit model for adoption status during 1994-2003 that included a full set of year dummies, 15 industry dummies, and eight California geographic region dummies. We also included lagged levels of each of our outcome variables: injury rates and costs, payroll, employment, wages, sales, and average occupational riskiness. We employed a highly flexible functional form by including the average level of the prior two years as well as the log and square of this average. Table A1 in the On-line Appendix contains descriptions of, and summary statistics for, the variables used in the matching process. Because we are interested in the determinants of adoption, we drop adopters from the sample after the year of adoption.
The results of this probit are reported in Table A2 in the On-line Appendix. The predicted probability of adoption estimated from this probit model is our estimated propensity score.
We then implemented single nearest neighbor matching. Specifically, we matched each adopter during its certification year to the non-adopter in the same industry with the most similar propensity score
for that year and that had data for at least one subsequent year. 13 The latter requirement resulted in our 13 In our context, a firm's decision to adopt ISO 9001 in a particular year is contingent on its not having previously adopted. Because firms face a greater likelihood of adopting as time passes, the adoption decision is more akin to a geometric random variable than a Bernoulli random variable considered in some other contexts that use propensity score matching. Our matching protocol includes several steps to ensure that each adopter and its matched control face a similar risk of adoption. First, we compare the adopter's propensity score to non-adopters' propensity scores generated in the same year to ensure that all firms face the identical time lag since the ISO 9001 standard emerged. Second, we implement nearest neighbor matching using contemporaneous propensity scores by selecting the non-matching firms that adopted only through 2002, because the WCIRB data extended only through 2003.
We refer to the absolute difference between the two propensity scores in a matched pair of firms as the "match distance." Of the 892 adopters for which we estimated propensity scores, we successfully matched 550 adopters to 550 controls. 14 Next, we assessed the quality of these matches and refined our matched sample. To confirm whether our matching process resulted in a highly comparable set of adopters and non-adopters, we compared the two groups' lagged levels of seven outcome variables: number of injuries, injury costs, payroll, employment, wages, sales, and average occupational riskiness. The identifying assumption of the difference-in-differences approach is that the treatment group's trend during the post-period would have been indistinguishable from the control group's trend had the treatment not occurred. To examine the plausibility of this assumption, we compared the two groups' performance trends in the period prior to ISO adoption (as in Barber and Lyon 1996; Dehejia and Wahba 1999; Eichler and Lechner 2002) using two measures of pre-adoption trends: (1) the percent change in lagged performance comparing a threeand-four-year lagged average to a one-and-two-year-lagged average; and (2) the difference in the log of these two averages (after adding a small constant before taking the log). T-test results indicated statistically significant differences at the 10% level for nine of the 21 comparisons made for levels or trends, far more than would be expected by chance.
This first stage of matching not yielding a very credible comparison group, we attempted to improve match quality by dropping pairs for which the propensity scores of the ISO adopters and potential matches exceeded a given caliper size. A smaller caliper means ISO adopters are more similar to their matches, but reduces the sample size. We tried various values, settling on a caliper of 0.07, which yielded adopter in the same industry with the propensity score most similar to that of the adopter in the year of adoption. 14 A potential concern is that the 550 adopters in the matched sample might differ from the 342 adopters for which we were unable to identify matched controls. We used t-tests to compare the log of the two-year lagged average levels of each of our outcome variables. The results provided little evidence that these groups of adopters differed during the pre-adoption period, as the two groups had statistically indistinguishable injury costs, payroll, employment, wages, and occupational riskiness. For the two outcomes in which the groups statistically differed during the pre-adoption period, the matched adopters had somewhat higher injury rates and lower sales. Kernel density graphs revealed the two groups of adopters to have very similar distributions for each of the seven lagged outcomes. Together, these results provide little evidence that matched adopters differed from unmatched adopters. a closely matched albeit slightly smaller set of 471 pairs of adopters and controls. In this caliper-restricted matched sample, t-tests revealed the groups to differ along only one of the 21 metrics at the 5% level and four of the 21 metrics at the 10% level (see Table A3 in the On-line Appendix). We ran our evaluation model on this matched sample (Table 4 provides summary statistics).
Development of the matched sample for the survival analysis followed a slightly modified version of this matching process. Specifically, we (1) no longer excluded firms that lacked data after the match year, and (2) matched firms that had adopted as late as 2003. Generating propensity scores and matching firms under these modifications yielded 622 pairs of adopters and non-adopters.
Organizational survival
We use both nonparametric methods and duration models to examine the survival rates of our matched pairs of adopter and non-adopter firms. Because our dataset extends through 2003 and matching each ISO adopter to its control firm was done in a specific year, data on both firms in the pair were right censored after the same number of years at risk of firm death. A firm was considered to have died when it disappeared from both the D&B and WCIRB datasets. 15 Of the 622 pairs of firms that constitute our matched sample for the survival analysis, 0.5% of adopters and 7.1% of controls had disappeared from both the Worker's Compensation (WCIRB) and Dun & Bradstreet (D&B) datasets by 2003. A t-test confirmed adopters' survival rates to be statistically significantly higher (p<0.01).
Although the analyses of raw survival rates use a matched sample, there remain within each pair small differences in observable factors. In Table A4 in the On-line Appendix, we present the results of a cross-sectional logit model, a conditional logit model (with a conditional fixed effect for each pair), and a 15 One concern might be that firms that disappeared from these databases through mergers or acquisitions nonetheless continued to operate. To check D&B's success rate in tracking organizations after mergers and acquisitions, we searched for news articles on the 47 firms that "died" in our survival analysis. We found news reports that 16 of these firms had merged or been acquired. In 15 of these 16 cases, our D&B data (from the NETS database) shows either (a) no other establishments at the same location after the year we recorded firm death, or (b) only unrelated companies (not the acquirer) at the same location. It thus appears that almost all of these "merged" or "acquired" establishments closed or relocated subsequent to acquisition, reassuring us that our coding of firm death captures the intended construct.
stratified Cox proportional hazard model (with each pair its own strata, similar to a fixed effect in survival probabilities for each pair). These models enabled us to condition on numerous observable factors such as pre-adoption sales and employment. The Cox model also accommodates our data being right-censored, in that some firms continued to survive at the end of our sample period. As expected, the large survival advantage of ISO adopters persists in these specifications, providing robust support for Hypothesis 1a, that ISO adoption increases a company's survival rate.
Evaluation model
We assess differences in post-ISO 9001 adoption trends via a difference-in-differences analysis.
Specifically, we estimate the following model for each outcome Y it at firm i in year t:
(2)
where α i is a complete set of firm-specific intercepts. Only the ISO 9001 adopting firm in each pair of matched firms ever has a positive value of the dichotomous variable ISO it , which for such firms is coded "1" for all years after the firm is ISO 9001 and "0" before then. Of primary interest is its coefficient, β, the estimated effect of achieving certification. We also include a full set of year dummies (year t ).
Depending on the outcome variable being estimated, we include in X it controls for the firm's current log of payroll, employment, sales, average occupational riskiness, or number of injuries (see Tables 5 and 6 ).
We also employ a variation of this specification that refines our ability to measure the effects of certification. In Equation 2, the single post-certification dummy ISO it estimates an overall average change in outcome levels, pre-to post-adoption. But such improvements might be large in the first few years after adoption and then attenuate, or take several years to emerge. To estimate potential effects each period after certification, we include dummies coded "1" for adopters "one to three years after certification,"
"four to six years after certification," and "seven to nine years after certification."
Employer outcomes. Results of the difference-in-differences evaluation model of employment and sales are presented in Table 5 . All of these models employ the matched sample, using years in which both the ISO 9001 adopter and matched control survived. Employment is about 10 percentage points higher in ISO-certified workplaces after certification (column 1, b= 10.3%, p < 0.01) than in comparison firms, strongly supporting Hypothesis 2a, which predicts higher employment growth at ISO 9001 firms. Column 2 reveals that this increase grows over time, from 6.1% (SE = 1.8%, p < 0.01) in years 1-3, to 22.5% in years 4-6 (SE = 2.9%), to a quite large 32.5% in years 7-9 (SE = 6.3%). Because only 62 of our 471 matched ISO 9001 adopters (13%) adopted seven or more years prior to the end of the matched dataset used for these models, results in this category are typically not precisely estimated. Nevertheless, the high employment growth in years 7-9 is statistically significant from the average effect (p < 0.01) and from the effect in years 1-3 (Wald test F=17.70, p<0.01), though not from the effect in years 4-6.
Sales are almost nine percentage points higher at ISO 9001 firms than at comparison firms (column This increase in sales is roughly what would be expected from the higher payroll at ISO-certified firms (column 5). There is suggestive evidence of growth in sales conditional on payroll in years 4-6 after certification (column 6, b = +13.2%, p < 0.01). In contrast, the coefficient is small, less than 2% in absolute value, and not statistically significant in years 1-3 and 7-9. Hypothesis 2b, which predicts gains in labor productivity, is thus not supported. In results not shown, sales also did not increase statistically significantly faster at ISO adopters if we controlled for employment instead of payroll; that is, total sales rose at adopters relative to matched non-adopters, but not sales per employee.
Employee outcomes. The results of our evaluation model for employee outcomes are presented in Table 6 . Column 1 reveals that total payroll at ISO firms grew about 17.7% more than at matched control firms (SE = 1.7%, p < 0.01), increasing steadily over time from 14% in years 1-3 to 36% in years 7-9 (column 2). Nearly a third of this increase in payroll (measured using workers' compensation records) appears to be due to higher employment (measured using D&B data). That is, conditioning on employment, payroll at ISO-certified firms grew about 13.5% more than at comparison firms (SE = 1.6%, p < 0.01, column 3), increasing steadily over time from 11.7% in years 1-3 to 22% in years 7-9. It is plausible that the correlation of total payroll and employment would be higher were they measured from a common data source. 16 Recall that we measured wages as total payroll from workers' compensation records divided by employment data from D&B. Keeping in mind all the caveats that attend such a measure, the results indicate that annual wages grew to be about 7.5% higher at ISO firms than at their matches (column 5),
supporting Hypothesis 3, that ISO 9001 adoption leads to higher wages (and not Hypothesis 3′, that adoption lowers wages). Although the point estimates decline over time, we cannot reject the null that the coefficients are constant over time (column 6).
Unlike the previous outcomes, our estimates of the effect of ISO 9001 adoption on injury rates and costs are conditioned on employment, payroll, sales, and average occupational riskiness. We find trends in the total value of injury costs (columns 7 and 8) and average cost per injury (columns 9 and 10) to be unrelated to ISO 9001 certification (among pairs of firms both of which had at least one injury).
Number of injuries, a count variable, is analyzed via a negative binomial regression model with firmlevel conditional fixed effects. Because the conditional negative binomial model compares a firm's injury rate in a given year with its average injury rate, it does not provide estimates for firms that lack annual variation in injury rate. The model drops such firms from the sample. (This is the same restriction as a conditional logit, for example.) To maintain a matched comparison, we thus included in this sample only pairs in which both adopter and matched non-adopter reported at least one injury. The results indicate that adoption did not predict a higher or lower number of injuries among employers that had at least one injury during our sample period (Table 6 , columns 11 and 12, conditioning on employment and other control variables).
The workers' compensation data show a small shift to safer occupations at firms that become ISO 9001 certified. That is, the average worker in a post-certification firm works in an occupation for which workers' compensation costs are almost 5% lower than at the comparison firm (b = -0.047, SE = 0.009, p < 0.01) ( Table 6 , column 13).
Because firms can take one to two years to adopt all aspects of the standard before becoming certified (Stevenson and Barnes 2002) , some benefits of adopting ISO 9001 might begin to accrue even before certification. This, however, would represent a potential bias against our finding significant improved performance between the pre-and post-periods, and would imply that our difference-in-differences results might in fact be underestimating the true effects of adoption.
Evaluation extensions
Extending our analysis to some additional and more nuanced effects of ISO 9001 adoption, we consider two additional outcome measures and explore whether the effects of ISO 9001 differ across subsets of our sample. We also examine whether the correlations reported above might be due to the possibility that financial distress could deter ISO adoption and affect firm survival or our financial outcomes.
Our first extension examines whether ISO 9001 adoption is associated with a greater likelihood of eliminating all injury-related workers' compensation claims. We estimate a probit model to predict which employers reported zero injuries (technically, zero workers' compensation claims) in all years after the match year, using the full set of 471 matched pairs of firms. We collapsed our panel data into a cross section, coding the dependent variable "1" for firms that reported no injuries all years after the match year and "0" for firms that reported at least one injury after the match year. We included as controls the log of each firm's average employment and average payroll for post-match years, region dummies, and industry dummies. Recall that the matched set of adopters and non-adopters used in this regression (and all regressions reported in Tables 5 and 6) had similar (and statistically indistinguishable) injury rates during the years prior to the match. In contrast to the negative binomial results discussed above, the results of this cross-sectional probit analysis indicate that ISO 9001 adopters were subsequently five percentage points more likely to report no injuries (Table 7) , a large effect given that the mean of the dependent variable is 28%. Taken together, these three sets of results provide limited support for Hypothesis 4, that ISO adoption lowers injury rates and costs, but no support for Hypothesis 4', that adoption worsens these measures of occupational safety and health.
Our second extension addresses injury rates in a more nuanced way. Specifically, we examine whether adopters and non-adopters subsequently differed with respect to two particular types of injuries:
serious sudden-onset injuries (as typically occur following industrial accidents), and serious cumulative injuries (which could result from more repetitive work). This sub-analysis is motivated by the concern that ISO adoption might occasion more repetitive work, leading to an increase in the rate of cumulative injuries. WCIRB data has only one category for "serious" injuries, being those associated with at least $2,000 in costs. These conditional fixed effects negative binomial models include controls for employment, payroll, sales, average occupational riskiness, calendar years, and dummies to denote the number of years until or since the match year. The results indicate no change in sudden-onset injury rates (b = -0.064; SE = 0.087) between adopters and matched controls (results are not shown to conserve space). But the regression predicting the number of serious cumulative injuries yields an incident rate ratio of 0.61 (b = -0.495; SE = 0.314) for has adopted ISO 9001, which constitutes an economically meaningful, albeit not statistically significant, decline among adopters. Further research is warranted to explore the circumstances under which ISO 9001 adoption might help to reduce serious cumulative injuries.
A third extension examines the extent to which the effects of ISO 9001 adoption differ between larger and smaller firms. If their managers have less formal education and less experience, adopting ISO 9001 might lead to more learning at smaller firms. Having fewer resources to invest in advertising and branding, smaller firms might also find it more difficult to establish a reputation for high-quality products and services and thus be expected to realize greater signaling benefits from ISO 9001 certification.
To test whether ISO adoption was more beneficial to smaller firms, we split the sample based on preadoption employment. For each adopter and matched control pair, we calculated the average employment during the two years prior to the adoption (or match) year. We categorized these two groups: matched pairs with average employment levels below the sample median, and matched pairs with average employment levels above the median. We created dummy variables for these two groups and estimated fully-interacted fixed-effects models in which all variables from the fixed-effects models reported in Table 6 were interacted with each of these two dummies.
The results are striking (see Table 8 ). Growth in employment, sales, and payroll was greater for smaller than for larger ISO adopters (compared to their respective peers), and the differences are economically and statistically significant. These results strongly suggest that more is learned, or the ability to signal quality is more greatly improved, or both, in smaller than in larger firms that adopt ISO 9001.
Limitations and robustness tests
Our study has several limitations including our inability to (1) acquire data on all determinants of adoption that we would like to include, and (2) conclusively interpret our difference-in difference results as causal effects. Here we describe several robustness tests of our propensity score specification, matching technique, and evaluation model, and highlight some limitations of our study.
Financial stress. If financially stronger firms both adopt ISO 9001 more often and have better financial outcomes and survival rates, then our inability to find data on the financial strength of our sample firms might result in omitted variable bias. We could not obtain accounting data such as profit to measure financial strength because many of the single-plant firms in our sample are privately held. We examined whether financial stress was less common in ISO adopters than in comparison firms by running t-tests on each of our matched samples for the two continuous measures-minimum and maximum PAYDEX scores in the year prior to adoption (or match)-to determine whether these variables were already balanced in our matched sample (Rosenbaum and Rubin 1985) . We also conducted Wilcoxon rank-sum tests of the ordinal Composite Credit Appraisal score. Somewhat to our surprise, adopters and comparison firms had similar distributions of all three financial stress metrics (see Table A5 in the On-line Appendix).
Finally, we assessed whether financial stress is a significant predictor of adoption by re-estimating our selection probit model but also including the following alternative measures, each lagged one year:
(1) minimum PAYDEX score;
(2) maximum PAYDEX score; (3) Composite Credit Appraisal score; and
(4) a series of dummies for each Composite Credit Appraisal score. The results of these four models (reported in Table A6 in the On-line Appendix) were consistent in yielding no evidence that financial stress is associated with the propensity to adopt ISO 9001. In summary, because t-tests and rank-sum tests indicate that financial stress is balanced between our matched treatment and control groups, and probit results provide no evidence that financial stress is a significant predictor of ISO 9001 adoption, we believe our results are unlikely to be biased by financial stress.
Growth prospects.
A concern with the causal interpretation of these results is that employers with better growth prospects might both adopt ISO 9001 and have higher post-adoption growth rates. We have three reasons to doubt the importance of this alternative causality. First, we control for employer fixed effects, industry-specific time trends, and a host of observable characteristics (via the matched comparison group). Second, although we do not match on pre-existing sales trends, they are nonetheless quite similar between our matched adopters and comparison firms. Finally, in our matched sample, we did not find that firms with poor credit ratings were any less likely to adopt ISO 9001. Restricting matched controls to never-adopters. The matching technique described above restricted control candidates to firms that never adopted ISO 9001 during the sample period. As a robustness test, we developed another matched sample, relaxing this limitation to allow all firms that had not yet adopted to serve as comparison firms, including those that would adopt in a future year during the sample period (but only until their adoption year, after which we dropped them as controls). This allowed, for example, an adopter in 1999 to be matched to firm that was a non-adopter in 1999 but subsequently adopted in 2002 (in which case we would include this control firm's observations only until 2002). In cases in which eventual-adopters were identified as matched controls, we replicated their data in our dataset to enable us to use them both as controls and adopters. In the regressions that relied on this alternative matched sample, we clustered standard errors by firm to account for the non-independence this introduced. The results of the regression models based on this alternative matched sample were nearly identical to those based on our primary matched sample.
Potential for predominant industries to drive treatment results. Nearly half the firms in our matched samples were in just two industries, electronic and electric products and final metal products. To explore the extent to which our results were driven by these predominant industries, we categorized the matched sample into two groups: matched pairs that belong to either of these two predominant industries, and matched pairs that belong to other industries. We created two dummy variables to identify these two subsets, and estimated fully-interacted fixed-effects models by interacting all variables from our main fixed-effects models with each of these dummies. Although most results of these models (not shown to conserve space) indicated the effects of ISO 9001 adoption to be quite similar between the two industry groups, the analysis did reveal one interesting difference. While we found that adopters in both sets of industries experienced significant increases in payroll and wages (compared to their peers), growth was greater for adopters in the two predominant industries (compared to their peers) than for adopters in the other industries (compared to their peers). Further research might explore how and why the effects of adoption differ across industries.
Conclusion
Our results are readily summarized. First, ISO adopters had far lower organizational death rates than matched firms within their industries. Second, sales and employment grew substantially more rapidly post certification at firms that adopted ISO 9001 than at matched firms. Third, total payroll and (to a lesser extent) annual earnings per employee grew substantially more rapidly post certification at firms that adopted ISO 9001 than at matched firms. Fourth, some benefits of ISO 9001 adoption were much more pronounced in smaller firms than in larger firms. Finally, ISO 9001 adopters already had slightly lower than average injury costs at the time of adoption, and we found no evidence that this gap widened or narrowed post adoption. Adopters were more likely to report no injuries for workers' compensation in the years following adoption. We found no differences in the number of injuries between adopters and matched comparison firms that reported a positive number of injuries.
Our finding that ISO 9001 certification benefits employers bolsters prior research on ISO 9001 (e.g., Corbett et al. 2005; Terlaak and King 2006) and related programs such as TQM and quality awards (e.g., Hendricks and Singhal 1996 , 2001b . Our results are particularly credible because we analyze a larger sample of ISO certifications than almost any previous study, have performance data at the workplace level (unlike many previous studies that examine how ISO certification at a single plant affects the financial performance of a multi-plant organization), measure performance using third-party (rather than self-reported) data, use a panel dataset that enables us to measure performance over time, and develop carefully matched sets of non-adopters. Our results regarding the benefits of ISO 9001 certification for employment, payroll, and average annual earnings are new.
Critics of ISO 9001 and related programs who express concern that benefits to employers derive largely from the deskilling and routinization of tasks hypothesize that employer gains consequently come at the expense of employees' earnings. Our results showing total payroll to rise faster than employment, which implies an increase in average annual earnings, do not provide evidence of deskilling.
Non-experimental data cannot definitively attribute the better outcomes experienced by ISO 9001 adopters relative to matched controls to adoption, as opposed to unobserved advantages that might account for both ISO adoption and better outcomes. But the strength and consistency of our findings leads us to shift our own priors in favor of the hypothesis that ISO 9001 adoption is more beneficial than we had anticipated.
Future research should investigate the causal mechanisms that might account for the patterns we discovered, unpacking, for example, the relative importance of managerial learning, signals, and incentives. For example, longitudinal product-level data on internal quality metrics (e.g., scrap rates), external quality metrics (e.g., warranty claims), and product mark-ups could be used by researchers to distinguish situations in which ISO 9001 spurs a learning process that improves quality from situations in which ISO 9001 serves largely to signal pre-existing high quality levels that had previously been difficult to convey credibly in the marketplace.
Researchers with access to detailed cost data could examine whether ISO 9001 adoption reduces waste and defects, which would be reflected in the cost of goods sold. Detailed financial data could enable researchers to compare the costs of implementing ISO 9001, including those of developing and implementing quality policies and procedures and training programs, to the additional sales revenue that certification might prompt. Detailed quality and cost data might enable researchers to theorize about when ISO 9001 is more likely to spur managerial learning, send credible signals, or create stronger incentives for firms to improve quality.
As important, this study has examined single-plant manufacturing firms in California, a well known hub of innovation in which manufacturing is roughly twice as likely to be high-tech as in the rest of the nation. It is important to measure the degree to which these results generalize to multi-plant firms, other sectors, and other regions. If the relationships we report hold up in other settings, and additional evidence can support their causal interpretation, such findings would have implications for managers, organizational scholars, and public policy.
For managers, the lessons are that the process of ISO 9001 certification appears to be valuable to most adopters. We cannot be sure how broadly these lessons apply to non-adopters, but the considerable benefits of adoption (e.g., roughly 10% increases in sales) suggest that far more employers could benefit from ISO 9001 adoption than currently do. Our results further suggest that smaller enterprises are particularly likely to benefit from adoption.
The substantial improvement in outcomes post ISO 9001 adoption also has lessons for organizational scholars. Some academics have characterized quality programs such as ISO 9001 as management fads unlikely to benefit employers or employees (see Abrahamson 1996 and citations in Staw and Epstein 2000) . Fashion might well play a role in the adoption of many management practices, but our results indicate that ISO 9001 appears to deliver value for many organizational stakeholders.
We would not anticipate the large benefits that we measure if potential customers could already see product or service quality, if managers already understood how to achieve higher productivity and quality cost-effectively, and if managers could capture the returns to any improvements in quality or productivity (Levine 1995: ch. 3 ). The substantial increases in employment, total payroll, and sales that we estimate are consistent with at least one of these market imperfections slowing the spread of quality programs.
These results consequently also support arguments that public policy should promote quality programs, for example, by subsidizing employee training or educating managers about the value of such programs 
Variable
Description Mean SD Min Max Adopted ISO 9001 this year Dummy coded "1" in the firm-year in which a firm adopted ISO 9001, and "0" otherwise. 0.0054 0.0731 0 1
Log injury costs -1&-2 Natural log of $1,000 plus the average of one-and two-year lags of total annual workers' compensation injury costs, in dollars. To reduce the effect of outliers, we took the log of injury costs after adding $1,000.
7.51 1.23 6.91 17.14 Log injury rate -1&-2 Natural log of 1 plus the average of one-and twoyear lags of the annual number of injuries reported for workers' compensation.
0.33 0.60 0 8.33
Log payroll -1&-2 Natural log of the average of one-and two-year lags of annual payroll, in dollars. To minimize the impact of outliers, we omitted very small annual payroll values (less than $5,000) and instances of rapid growth or shrinkage in payroll (as when the ratio of current exposure to its one-year lag was outside the range of 0.5 to 2).
12.13 1.29 8.52 21.50
Log employment -1&-2 Natural log of the average of one-and two-year lags of number of employees.
To minimize the impact of outliers, we omitted instances of rapid growth or shrinkage in employment (as when the ratio of current employment to its one-year lag was outside the range of 0.5 to 2). Dummy coded "1" if the firm has adopted ISO 9001 in a previous year, and "0" otherwise. 0.19 0.39 0 1 Has adopted ISO 9001  post-years 1/2/3
Dummy coded "1" if the firm initially adopted ISO 9001 1 to 3 years ago, and "0" otherwise. 0.12 0.33 0 1 Has adopted ISO 9001  post-years 4/5/6
Dummy coded "1" if the firm initially adopted ISO 9001 4 to 6 years ago, and "0" otherwise. 0.05 0.22 0 1 Has adopted ISO 9001  post-years 7/8/9
Dummy coded "1" if the firm initially adopted ISO 9001 7 to 9 years ago, and "0" otherwise. 0.01 0.10 0 1 To minimize the impact of outliers, we omitted very small annual payroll values (less than $5,000). c To minimize the impact of firms that were rapidly growing or shrinking, we omitted instances in which the ratio of current year's value to its one-year lag was outside the range of 0.5 to 2. d To minimize the impact of outliers, we omitted firm-years with very low average annual wages (less than $7,020, calculated as 20 hours per week * 52 weeks per year * $6.75 [California minimum wage as of Jan 2002]). [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] , and dummies denoting 9 years before through 9 years after the match year. Reported R-squares are withinfirm measures. Wald tests report F statistics. Brackets contain standard errors. *** p<0.01, ** p<5%, * p<0.10. Additional controls include firm fixed effects (conditional fixed effects for the negative binomial models), year dummies (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) , and dummies denoting 9 years before through 9 years after the match year. Estimated for the matched sample. Reported R-squares are within firm measures. For Wald tests, F statistics are provided for OLS models and chi-squared statistics for the negative binomial model. a The negative binomial model with conditional fixed effects is estimated only for firm-pairs in which both firms had at least one injury reported for worker's compensation during the sample period. Brackets contain standard errors. *** p<0.01, ** p<5%, * p<0.10. The dependent variable is a dummy coded "1" for firms that reported no injuries for workers' compensation in all post-match years, and coded "0" for firms that reported one or more injuries. Employment and payroll variables are the log of each firm's average employment and payroll during all post-match years. Additional controls include 7 region dummies and 14 industry dummies. The sample is a cross section of all 471 pairs of matched adopters and non-adopters. Brackets contain standard errors. *** p<0.01, ** p<5%, * p<0.10. Additional controls include firm fixed effects (conditional fixed effects for the negative binomial models), year dummies (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) , and dummies denoting 9 years before through 9 years after the match year. Estimated for the matched sample. Reported R-squares are within firm measures. All models estimated using OLS. Wald tests report F statistics. Table A1 . Description and summary statistics of variables used to generate propensity scores for the matching process (in addition to those in the paper's To minimize the impact of outliers, we omitted very small annual payroll values (less than $5,000). c To minimize the impact of firms that were rapidly growing or shrinking, we omitted instances in which the ratio of the current year's value to its one-year lag was outside the range of 0.5 to 2. d To minimize the impact of outliers, we omitted firm-years with very low average annual wages (less than $7,020, calculated as 20 hours per week * 52 weeks per year * $6.75 [California minimum wage as of Jan 2002]). Log average occupational riskiness -1&-2 -log average occupational riskiness -3&-4 364 -0.01 0.009 364 0.00 0.012 0.27 *** p<0.01, ** p<5%, * p<0.10.
On-line Appendix (e-companion)
Variables subscripted -1&-2 are averages of 1-and 2-year lags, and -3&-4 are averages of 3-and 4-year lags. a "Percent change" variables are constructed as the difference in the average value of the 3-and 4-year lagged values from the average value of the 1-and 2-year lagged values, divided by half the sum these values. This ratio approximates "percent change," but is robust to outliers; it ranges from -2 to +2. b Wages are the ratio of payroll to employment. To minimize the impact of outliers, we omitted firm-years with very low average annual wages (less than $7,020, calculated as 20 hours per week * 52 weeks per year * $6.75 [California minimum wage as of Jan 2002]). In these models, all independent variables are time-invariant, calculated as the log of average values over the two years prior to the match (adoption) year. Model 1 is cross-sectional, estimated on one observation per firm. Model 2 is also cross-sectional, but stratified (grouped) by each match group (i.e., an adopting firm and its control firm). It drops all match groups in which both members survive through 2003 (when our sample is right censored), and is thus estimated only on match groups in which one or both members of the match group dies. Model 3 is a survival model estimated on firm-years, and is also stratified (grouped) by match groups. Note: This table reports results of Wilcoxon rank-sum tests of the D&B Composite Credit Appraisal score, an ordinal variable that we reverse coded so that higher values correspond to more credit worthiness (1=Limited; 2=Fair; 3=Good; 4=High). These rank-sum tests compared Composite Credit Appraisal scores in the match year of 355 matched controls to 343 adopters for the treatment analysis, and 445 matched controls to 457 adopters for the survival analysis. The somewhat smaller number of firms than our full matched sample and slight imbalance between adopters and controls in this analysis are due to gaps in the D&B Composite Credit Appraisal data. SD = standard deviation. 
